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Abstract
Millions of people around the world are affected by HIV. Studies have demonstrated that
the circumcision of heterosexual males leads to an approximate 60% reduction in the
potential for the contraction of the virus from a female partner. Current surgical
circumcision techniques are not feasible on the required scale in remote settings. An
innovative solution is needed. The goal of this project is to develop a safe and effective
device for large-scale circumcision efforts in remote regions of sub-Saharan Africa.

This thesis will focus specifically on the analysis and optimization of the device. A full
scale finite element analysis of the design has been conducted, and all performance
requirements were satisfied. The optimization ensures that the design minimizes material
use while maintaining performance. The device has the potential to be a useful,
necessary tool for HIV prevention in sub-Saharan Africa.
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Chapter 1 - Introduction and Motivation
Human immuno-deficiency virus (HIV) is a blood-borne virus that affects millions of
people each year. The majority of worldwide infections have occurred in sub-Saharan
Africa, where 25.4 million individuals were HIV-positive in 2006. As shown in Figure 1,
this is 18 million more than the area with the next highest infection rate (South-Southeast
Asia) [1]. Because of these high infection-rates, steps are being taken to reduce the
spread of HIV in sub-Saharan Africa.

Figure 1: Global HIV prevalence and distribution [1]
Since a vaccine is not expected to be ready for decades, prevention methods thus far have
focused mainly on controlling the spread of the disease contracted through heterosexual
intercourse, which is the most prevalent way to contract the virus [1]. On this front, male
circumcision has been shown to decrease a man’s chances of contracting HIV from a
female partner by 60%. [1] Based on this, circumcision as a method of HIV prevention
has the “potential to avert up to 174,000 new infections each year” [2]. Yet, less than
30% of males in Africa are circumcised. In order to provide the number of circumcisions
1

necessary to impede the spread of HIV, a safe, reliable, and quick procedure must be
developed.

The standard circumcision procedure in the US utilizes specialized devices that assist in
controlling the amount of prepuce (foreskin) to be removed as well as facilitating
hemostasis. Of these, a popular device is the Gomco clamp, shown in Fig. 2. The device
works by exerting a crushing force on the foreskin at the junction of the bell and plate,
which creates a hemostatic seal along the cut edge preventing bleeding after the foreskin
is cut away and ensures that a suture is unnecessary [3, 4]. The Gomco provides a
simple, effective method for circumcision and requires minimal steps, making it a useful
device for providing circumcision services in sub-Saharan Africa. However, the Gomco
can be reused after sterilization, which creates issues for its widespread use in subSaharan Africa. In an area where many of the people receiving circumcisions may
already be HIV-positive, it is necessary to have a procedure in which all the components
are single-use to reduce the likelihood of cross-contamination. The World Health
Organization (WHO) specifies that all circumcision devices should not only be single
use, but should also resist any attempt to be re-used. [5]
Lever Arm

Nut
Bell
Base Plate

Figure 2: Annotated illustration of Gomco circumcision clamp
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Despite the Gomco’s widespread use, there have been issues reported with the alignment
of the Gomco clamp. The alignment issues result from unacceptable tolerances on the
lever arm pivot. The misalignment that is easily observed is the effect of the uneven
loading.

Another serious consideration for the safety of a circumcision device is the physician’s
exposure to sharp surfaces. During large scale circumcision efforts a physician will
conduct many surgeries every day, many on HIV-positive individuals. Therefore, a
device with sharp surfaces exposes the physician to unnecessary risks. The Gomco
clamp requires the use of a scalpel with the potential to cut the surgeon, thus exposing
them to potentially HIV-positive blood. Other devices are currently on the market that do
not expose medical personnel to sharp surfaces, including the Shang Ring, Ali’s Klamp,
Ismail Klamp, PrePex, Smart Klamp, and Tara KLamp. [6] However, all of these devices
require that the patient wear the device for an extended period of time, something that is
not acceptable for a widespread circumcision program. A device that is left in place for
an extended period of time is undesirable due to the complications with scheduling
follow up visits in rural locations. The patient must return for the removal of the device
and intermediate check-ups. In a field operation setting, conducting a massive number of
circumcisions and conducting follow-up visits is not realistic. Additionally, there is a
concern that the popularity of the entire circumcision program could be significantly
affected by the foul smell that accompanies the device as the skin begins to die and
decompose while the clamp is attached. Therefore, due to the logistical and reputational
concerns, blade-less long duration clamps cannot be utilized.

3

In summary, there are currently no devices on the market that eliminate exposure to sharp
objects while remaining completely single-use. Therefore, a device has been engineered
to exceed all industry requirements and fill this currently unoccupied market within the
field of surgical devices.
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Chapter 2 - Project Description
2.1 - General Project Definition
Due to the shortcomings of, and constraints upon, all current circumcision technology, a
new device has potential for adoption. The development of a new and innovative
circumcision device was the goal of this project. A list of functional objectives has been
generated, based off independent research, in conjunction with advice from a medical
expert and experienced epidemiologist, Dr. Peter Millard. The first objective of the
device was for it to be single use and disposable. In order to be classified as single use,
the device must actively resist any attempts to be re-used. The second objective was for
the device to minimize, or eliminate, patient bleeding through the application of constant,
even pressure to a target area of the foreskin. Thirdly, it was desired to eliminate any
exposure to sharp surfaces. This objective is required to protect the surgeons from the
risk of cutting themselves and thus being exposed to their patient’s potentially HIV
positive blood. Fourthly, since the device is single use and will be produced in mass
quantities, it must remain cost effective, thus imparting extreme price limitations on the
design. Finally, due to the fact that the device will be produced on such a large scale, it
must be designed for ease of manufacturing.

2.2 - Thesis Definition
In order to validate the design feasibility and performance of the new circumcision
device, highly accurate analysis must be conducted. Due to the complexity of the
device’s geometry, and non-standard loading, classical hand calculations are not a
feasible option. Therefore, it was concluded that finite element analysis was the most
5

viable method for determining the robustness of the design and performance of the
device. After the design feasibility was determined, the device needed to be optimized
for maximum performance and cost efficiency. The goal of this thesis project was to
analyze the device both for failure as well as design optimization.

2.3 - Contribution of Thesis
This thesis contributes the vital analysis portion of the design process for the new
circumcision device. Due to the contributions of this thesis, the design can be proven to
sustain given loading conditions, by both maintaining a given factor of safety as well as
limiting deflection to manageable levels. By optimizing the design, this thesis is directly
contributing to a drastic reduction in large-scale production costs due to minimized
material usage. Furthermore, after conducting this finite element analysis and
optimization, the device can be approved to move on to the next step of the design
process, namely clinical trials.

2.4 - Approach of Thesis
The approach utilized for this thesis is as follows. The design was first analyzed for
failure, as well as deflection. Once the baseline performance was determined, various
modifications to the design, as well as changes to material types, were experimented with
in order to maximize performance through minimized baseplate deflection. After design
iterations had been completed, optimization studies were conducted on every part of the
device in order to determine the best possible design, in terms of both cost efficiency as
well as performance.
6

Chapter 3 - Background Research
When the skin is subjected to pressure, the blood vessels are crushed. This causes
internal bleeding, the body responds with the hemostatic mechanism. After a short
period, blood clots are formed and the internal bleeding stops, creating a seal that will
temporarily prevent blood flow when the skin is cut away. Bleeding after a circumcision
has been performed is evidence of incomplete clotting. The lamina propria and
subcutaneous tissues in the layers of the foreskin contain loose collagen, which make
clotting difficult. As a result, the amount of pressure and clamping time are critical. [7]

Through experiments under various conditions the pressure required to stop blood flow
has been quantified. The minimum pressure needed to cause the necessary seal was
determined to be slightly less than 6.9 KPa. In a study involving the effects of pressure
on blood flow in nerves within a rabbit, 55.2 KPa was applied for an hour resulting in no
blood flow through the nerve for over 1 week [8]. However, the actual pressure required
to create a seal within the foreskin is extremely difficult to estimate due to the many
different layers of the foreskin. Due to this fact, a secondary approach was used to
determine an estimate of an acceptable pressure.

The industry standard for adult circumcision devices is the Gomco clamp. Despite being
the industry standard, there are significant misalignment issues with the device. The
obvious misalignment issues are highlighted below in Fig. 3.

7

Actual
Horizontal

Figure 3 - Misalignment of the Gomco clamp

The Gomco clamp was analyzed in order to quantify the clear misalignment. The pivot
point on the lever arm was approximately 0.10 mm off from being true to the machined
base. The connection point at the top of the bell was out of alignment approximately 0.05
mm across its length. This resulted in the lever arm pulling on the bell at an angle. The
misalignment angle of the lever arm and base plate was close to 1 degree, creating
uneven loading on the base plate. Because of the uneven loading, the end of the base
plate bent and moved from parallel to approximately 0.64 mm above the centerline of the
base plate. The misalignment of the Gomco clamp came from the lever arm pivot not
being machined true, but the obvious misalignment that was easily seen was the effect of

8

the uneven loading. Due to the uneven loading that was quantified above, the Gomco
clamp occasionally has issues creating a uniform seal, thus complicating the
circumcision.

Despite having known misalignment issues, the Gomco clamp has been proven to
generate adequate pressure for hemostasis to be achieved in the foreskin. Therefore, this
clamp will be used as a benchmark to determine an appropriate pressure range for
adequate sealing. In order to quantify the force generated by the Gomco, an analysis,
described below, was conducted.

Figure 4 - Forces on screw nut [4]
An average person can exert a twisting force of between 178 and 445 N [3]. A
conservative twisting force of 178 N was used to calculate the forces generated by the
Gomco clamp. The torque applied to the nut was assumed to be 2.26 N-m, based upon
the 178 N loading criteria. The diameter of the threads on the nut was measured to be 6.3
mm. The length of the thread’s lead was calculated to be equal to 0.79 mm. The
coefficient of friction for the threads was assumed to be approximately equal to 0.41.

9

Based on the values given above, the force generated by the screw nut on the Gomco
clamp was calculated using the equation below  [9].

𝑃 = !"#$%&%'
!

!
∗

!∗!∗!"#$%&%'!!"#$
!∗!"#$%&%'!!∗!"#$

= 1567.73  𝑁        

(1)

As shown in the Fig. 5, below, the force on the clamping surface,F! , is the force
generated by the nut after it has been magnified by the lever arm of the clamp.

Figure 5 - Lever arm [4]
Taking the previously determined force from the nut and multiplying it by the mechanical
advantage ratio of 61.9 to 37.5, the force applied to the clamping surface can be
calculated to be equal to 2,589 N.

From the analysis above, it is shown that the Gomco clamp generates approximately
2,580 N onto the bell. Since the Gomco clamp has been proven to generate adequate
pressure, this force will be used as the baseline force for finite element analysis.
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Chapter 4 - Design of Device
4.1 – Overview of Device
The main goal of this circumcision device is to generate adequate pressure on the
foreskin to effectively prevent any blood flow for a short period of time following the
incision into the skin. The blood flow is stopped by crushing the foreskin with a very
small amount of material for the adequate amount of time to lead to hemostasis within the
skin. The pressure is achieved by applying a torque to the nut at the top of the device.
With the foreskin covering it, the bell is drawn upwards by the nut with Acme threads.
As the bell translates upwards, it comes into contact with the crushing surface of the
baseplate. In addition to preventing bleeding during the procedure, the device utilizes an
integrated cutting mechanism, in the form of a cutting ring, to simplify the removal of the
foreskin. The device is displayed below in Fig. 6-9, below.
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Figure 6 - Circumcision device
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Figure 7 - Side view of circumcision device with bell in lowered position and cutting
ring in raised position
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Figure 8 - Side view of circumcision device with bell and cutting ring in raised
position

14

Figure 9 - Circumcision device with bell in raised position and cutting ring in
lowered position
4.2 - Overview of Calculations
In order to have a baseline for comparing the results from the computer calculations,
hand calculations needed to be conducted. These calculations were rough
approximations, but served an important role in the validation of the computer model.

Note: The following is a brief overview of the calculations that have been done. Detailed
calculations, including technical descriptions and steps taken, can be found in the HIV
Group 3 Mechanical Engineering Capstone Final Report [7].
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4.3 - Thread Calculations
Adequate pressure generation is a key criterion in the design of the clamp. In order to
ensure that the clamp exerts the necessary force on the bell, calculations needed to be
made to predict the amount of force that will be generated from the threads on the bell.
Equations were developed to both calculate the forces generated as well as solve for the
needed thread angle in order to generate a given load. The given specifications for
loading, as well as thread dimensions, were defined. As explained previously, the force
necessary for threads to generate is 2,580 N. Again, as explained previously, the turning
force exerted on the nut was set at 222 N, in order to remain conservative. The diameter
of the threads was chosen to be equal to 20.07 mm. A turning nut of 25.4 mm diameter
was selected. The coefficient of friction for both the plastic threads, and collar, were
estimated to be 0.15. The diameter of the collar was defined as 20.07 mm. The thread
angle was set equal to 14.5 degrees, a constant for all Acme threads.

Figure 10 – Acme Thread Diagram
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Using the variables displayed above, calculations were made in order to find undefined
dimensions. The torque generated from the turning force was calculated to be equal to
4.46 N-m. Using the governing equation, listed below, an expression for the lead (L) was
derived for Acme threads with the given inputs, listed above [9, p. 869].

(

!!"#$
!

+!

!
! ∗!!

) ∗ 𝑑! ∗ µμ ∗ 𝜋 ∗ 𝑑! + 𝐿 ∗ cos 𝛼!"#$

= 2 ∗ (𝜋 ∗ 𝑑! ∗ cos 𝛼!"#$ −

µμ ∗ 𝐿)
(2)
Where:
P!"#$ = Force necessary for threads to generate
T = Torque applied to turning nut
µμ! = Coefficient of friction for collar
d! = Diameter of collar
d! = Diameter of thread
µμ = Coefficient of friction for threads
L = Thread lead
α!"#$ = Angle of Acme thread

The governing equation, after rearrangement, can be solved to find the value of the
maximum lead,
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𝑃!"#$
2
!
𝑇 + µμ! ∗ 𝑑! ∗ µμ ∗ 𝜋 ∗ 𝑑! − 2 ∗ 𝜋 ∗ 𝑑! ∗ cos 𝛼!"#$
𝐿≤
≤ 19.05  𝑚𝑚.
𝑃!"#$
2
−2 ∗ µμ −
𝑇 + µμ! ∗ 𝑑! ∗ 𝑑! ∗ cos 𝛼!"#$

With given geometry, and loading conditions, the lead must be less than or equal to 19.05
mm. This criterion is easily satisfied, as the actual lead was set as 1.27 mm, less than 7%
of the maximum possible lead.

Calculations needed to be made to ensure that the screw will not back out. Since the
clamp will be tightened and then left for several minutes, it is crucial that the screw does
not back off as any change would have a catastrophic effect upon the pressure
distribution, as well as negative effect on adequate pressure generation.

Using the previously defined lead of 1.27 mm, the minimum coefficient of friction
needed in order to maintain the self-locking criteria, was calculated using the equation
shown below [9, p. 870].
!

µμ ≥ !∗! ∗ cos  (𝛼!"#$ ) ≥ 0.02

(3)

!

The coefficient of friction criteria will be met, as the estimated coefficient of friction was
approximated to be 0.15, 7.5 times larger than the minimum criteria.

In order to ensure no back off on the thread, the following relationship must be met [9, p.
870]
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!

𝜆!"#$ ≤ tan!! (!"# !

!"#$

) ≤ 77.65°

(4)

There will be no issue designing the actual device to meet the 77.65° maximum
requirement. Therefore, the threads will not back off under the given loading conditions

To accurately determine the factor of safety of the screw failing from a rod failure, the
material properties need to be taken into account. The ultimate strength of the material
was assumed to be 206.8 MPa [10]. Based upon the cross sectional area of the rod and
the applied 2,580 N load, the stress in the rod was calculated to equal 8.16 MPa.
Therefore, the factor of safety for the rod failing under the given loading conditions was
calculated to equal 25.4.

Shear failure of the threads was also considered, since this type of failure would be a
catastrophic failure for the device. Due to the fact that the diameter of the threads is less
than 25.4 mm, combined with the fact that the threads are a standard Acme thread, the
minimum nut length required to ensure that the threads will have strip strength in excess
of the screw’s tensile strength is 10.03 mm [9, p. 876]. Since the defined nut height is
12.7 mm, it can be concluded that the threads will not fail in shear.
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4.4 - Bell Calculations
Due to the complexity of the loading on the bell, which is exacerbated by the complexity
of the geometry, the only truly accurate method for conducting stress analysis on the bell
was through a finite element analysis.

4.5 - Base Plate Deflection Calculations
The base plate and bell pushing against each other cause a pressure distribution on the
skin. This system is essentially a simple clamp; hence, for initial calculations, it can be
modeled as a plate with an upward force at the center. The maximum deflection of this
plate will be at its center. As the deflection increases, the pressure distribution on the
skin will begin to vary. The less uniform this pressure distribution becomes, the more
likely it is for incomplete hemostasis, complicating the surgery. To prevent this, the base
plate deflection must be minimized.

For the initial deflection calculations some simplifying assumptions were made. It was
assumed that the base plate could be modeled by two different beams attached to each
other (see descriptive figures below). The first was attached to a rigid post. The only
load on this first beam was the reaction forces from the second beam. One end of the
second beam was attached to the first beam, while the other end was unsupported, since
only half the plate needed to be analyzed due to symmetry. The second beam is
subjected to the reaction load of the pressure distribution over its entire length.

20

Figure 11 - Side view of base plate
Figure 11, above, is picture of the base plate from the side view. The smallest
dimensions from the actual model were used to define the simplified model, so a factor of
safety was built into the calculations. For calculations, only half of the base plate was
used, due to symmetry.

21

Figure 12 -Top view of actual design

Figure 13 - Top view of simplified model

Figure 12, above, is the actual base plate, orientated so the view is from the top. Figure
13, above, is the simplified design. The length (l) of beam 1 was defined as 3.81 mm, the
width as 30.48 mm, and the height as 3.05 mm. Since only half of the base plate was
analyzed, due to symmetry, the applied force was set at 1,290 N. Based upon the given
22

dimensions, the moment of inertia for beam 1 was calculated to equal  72.01  𝑚𝑚! . Using
these values, the deflection of beam 1 was calculated using the equation shown below [9,
p. 996].

!! !

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛  𝑜𝑓  𝑏𝑒𝑎𝑚  1   = !!" = 0.096  𝑚𝑚          

(6)

The length (l) of beam 2 was set as 16.76 mm, the width as 8.13 mm, and the height as
8.13 mm. From these dimensions the moment of inertia was calculated to equal
363.79  mm! . The loading was modeled as a 1.51 MPa distributed load along the entire
beam. Using the simplified designs, the base plate deflection for beam 2 was calculated
using the equation below [9, p. 996].

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 =

!! !
!!"

= 0.03  𝑚𝑚

(7)

Using a value of 34.47 GPa for the modulus of elasticity, the final resulting maximum
deflection in the base plate was 0.04 mm, which is well within the acceptable range of
deflection required to produce even pressure generation.

4.6 - Base Plate Factor of Safety
As a check to make sure the device does not break, the factor of safety was also found for
both of the beams. The smallest factor of safety for the two beams was roughly that of the
base plate, and as such, makes a good comparison.
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For these calculations, the base plate was modeled the same way as the max deflection
calculations, and therefore the dimensions are the same as those defined above. See Fig.
11-13, above, for a visual representation of the simplified design used.

The maximum stress in beam 1 was calculated to be 104.14 MPa. Whereas the
maximum stress in beam 2 was only 60.41 MPa. Using an ultimate shear stress of 206.84
MPa and the larger of the stresses in the two beams, the factor of safety for the baseplate
was estimated using the equation below [9, p. 260].

!

!
𝑆!" = !"#$
= 1.99

(8)

A factor of safety of 1.99 is more than adequate for a single use device. Therefore, under
given loading conditions, the base plate is not expected to fail.

4.7 - Column Factor of Safety
The factor of safety for the columns was calculated to ensure that the device does not
break while it is being used. As the columns are of equal diameter over their entire
length, they will break at the point where the curvature, and stress concentration, is the
greatest. At the location of greatest curvature, the outer radius is defined as 19.69 mm,
the inner radius as 5.72 mm, and the diameter of the column as 13.97. The moment
applied to the column was defined as 93.33 N-m. Using the previously defined
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dimensions, the stress at the inner and outer edges of the curve was calculated using the
equations below [11].

!

𝜎!""#$ =    !"#!$

!

𝜎!"#$% =    !"#!$

!!
!!

!!
!!

!

+ ! = -80.77 MPa

(9)

!

+ ! = 34.97 MPa

(10)

In order to calculate the factor of safety of the device the ultimate tensile strength was
assumed to be equal to 206.84 MPa. Therefore, using the stress at the inner edge of the
curvature, the factor of safety was calculated to equal 2.56. Since the columns have a
factor of safety well above 1, it can be concluded that the columns will not fail under the
specified loading conditions.

4.8 - Column Deflection
There are two straight sections to each of the columns; these are the sections that were
analyzed for deflection. The vertical deflection in both straight sections of the column
were found and added together. Despite one of the sections being angled heavily from
vertical, this angle was neglected in order to add a conservative factor of safety.
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Figure 14 - Side view of the column

The un-deformed length of the vertical section of column was defined as 39.37 mm. The
length of the angled portion of column was set as 18.47 mm. With the 1,290 N load
applied, the stress in both sections of the column was calculated to be equal to 17.12
MPa. Using the assumed modulus of elasticity of 34.47 GPa, the strain was calculated to
be equal to 0.000497. Using the strain value, along with the given un-deformed
dimensions, the deformation of the vertical portion of the column was calculated to be
equal to 0.010 mm, and the deformation of the angled portion was calculated to equal
0.005 mm. Therefore, the total deflection of the column was calculated to be
approximately 0.381 mm. Due to the small magnitude of this deflection, along with the
fact that the deflection will be equal for both columns, so there will be no negative effects
on the uniformity of the pressure distribution in the base plate, this deflection was
considered acceptable.
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Chapter 5 - Analysis
5.1 - Computer Model
Due to the complexity of the geometry, as well as loading conditions, of the device, a
computer model had to be utilized to accurately determine the stresses and deflections.
Based upon the desired analysis output, it was determined that the SolidWorks Finite
Element Analysis package was the best software program for the job.

5.2 - Mesh
In order to run the finite element analysis each part had to be given a mesh. Different
meshes were used for each analysis run, depending upon the complexity of the geometry.
For parts with relatively simple geometry, the automatic mesh was used, due to its
increased speed. However, for the analysis of parts with more complex geometry, the
mesh was increased to the maximum resolution, in order to generate results with the
highest accuracy possible. For example, the finite element analysis on the threads of the
bell required the use of a high accuracy mesh, whereas the optimization of the nut did
not. In order to choose the appropriate mesh refinement the mesh resolution was
increased until the results converged.

5.3 - Materials
In order to determine the best material to use for the device, a comprehensive analysis of
injection molding materials was conducted. The primary material properties compared in
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the analysis were the modulus of elasticity and the ultimate tensile strength. Figure 15,
below, graphically displays the comparison of the modulus of elasticity and ultimate
tensile strength for some of the molding materials. In addition to material properties, the
cost of each different type of material was also taken into account in the analysis, in order
to determine the best material for the device.

Figure 15 – Comparison of the ultimate tensile strength and modulus of elasticity
for select materials

Two materials were chosen as potential options for the device. The two injection
moldable materials chosen were, liquid crystal polymers and polyphenylene sulfide (PPS)
with carbon fiber filler. Both of these two materials are compatible with injection
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molding, and have modulus of elasticity values near the initial target value of 34.47 GPa.
Additionally, both materials have sufficiently high ultimate tensile strengths. For the
finite element analysis a custom material was used, which had a modulus of elasticity of
34.47 GPa, and tensile strength of 206.84 MPa, values similar to those of the materials
specified above.
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Chapter 6 - Results
6.1 - Thread Analysis
In order to test the robustness of the thread design the finite element model was utilized.
The bell was constrained, and the 2,580 N force was distributed evenly over all of the
threads. Due to the fine geometry of the threads, the mesh was put to the highest
refinement setting for maximum accuracy. The results showed that the threads would
have a maximum deflection less than 0.008 mm. Additionally, the minimum factor of
safety for the threads was slightly above the target of 2, validating the safety of the
design. In conclusion, the finite element analysis agreed with the hand calculations, and
validated that the design successfully met both deflection and failure criterion.

6.2 - Deflection of Vertical Posts
In order to confirm that the posts on the device will not deflect excessively under loaded
conditions, a finite element analysis was completed. The results of the analysis
concluded a maximum vertical deflection of 0.094 mm. The effect of this deflection to
the even pressure distribution on the bell will be made negligible by the fact that the
deflection in the two posts are equivalent, thus causing no misalignment. Based upon the
results from the analysis it can be concluded that, as the hand calculations indicated, the
design of the base plate posts is adequately robust and will not deflect excessively, nor
will it cause uneven loading from the deflection.
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6.3 - Deflection of Base Plate
Baseplate deflection is one of the most important failure modes for the device, due to the
adverse effects it has on even pressure application. For this reason, the quantification,
and minimization, of baseplate deflection was one of the main focuses of the finite
element analysis of the device.

Numerous designs were analyzed in order to quantify the design with the most efficient
baseplate deflection minimization. For purposes of brevity, only a select few designs will
be presented and discussed.

As a baseline for the device’s deflection performance, the first design analyzed was an
unreinforced designed, see Fig. 16 below, made completely from a custom material with
a modulus of elasticity equal to 34.47 GPa and an ultimate tensile strength of 206.84
MPa. From here on this material will be referred to as material 1.
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Figure 16 - Unreinforced design made with material 1
This design minimized material use and had a weight of only 0.118 kg. However under
the standard 2,580 N loading criteria the baseplate had a deflection variation on the
crushing surface of 0.11 mm. Figure 17, below, is a graphic displaying the deflection of
the loaded device (note that the deflection has been visually exaggerated for clarity).
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Figure 17 - Deflection of unreinforced design made from material 1

With the baseline for deflection of the baseplate determined, various design modifications
were experimented with in order to minimize the deflection of the baseplate. Several of
these design modifications are displayed below in Fig. 18 and Fig. 19.
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Design 1

Design 3

Design 2

Figure 18 - Modified baseplate designs (designs 1 – 3)
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Design 4

Design 5

Design 6

Design 7

Figure 19 – Modified baseplate designs (designs 4 – 7)

The deflection results from the finite element analysis for each of the modified designs,
along with their weight, are displayed graphically below in Fig. 20.

35

Figure 20 – Comparison of weight and baseplate deflection for various modified
designs

The first design modification attempted, see design 1 in Fig. 18 above, was changing the
material for the entire baseplate to alloy steel. The use of a metal baseplate successfully
decreased the baseplate deflection by nearly 50%. However, this deflection reduction
came at the expense of the weight increasing to 173% of its previous value. Furthermore,
in order to have a metal baseplate, additional manufacturing steps, and expense, must be
added in order to attach the baseplate.

The next modification attempted, see design 2 in Fig. 18 above, was to add an alloy steel
reinforcement cover to the bottom of the existing plastic baseplate. This design was an
improvement on design 1 since it reduced the weight of the baseplate, while maintaining
the minimized deflection.
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Next, in an attempt to decrease the deflection variation, a modified alloy steel baseplate
reinforcement was attached to the bottom of the device, see design 3 in Fig. 18 above.
Reinforcement material was added near areas with large deflection, while none was
added near areas with already low levels of deflection. The idea behind this was to
reduce the variation in deflection on the crushing surface. The entire device, with the
exception of the metal reinforcement, was designed with material 1. As can be seen in
Fig. 20, above, the selective application of reinforcement material further decreased the
deflection variation while reducing the device’s weight compared to the previous
modified designs.

In attempts of cutting down the weight of the reinforced device, the next designs
analyzed utilized smaller reinforcements. In order to improve the performance of the
reinforcements in this design the alloy steel reinforcements were integrated into the
material 1 plastic of the baseplate, see design 4 in Fig. 19 above. By reducing the size of
the reinforcements the weight was decreased while the variation in the deflection around
the crushing area hardly increased compared to the heavier design 3. However, the sharp
corners of the reinforcement rods caused stress concentrations in the baseplate, reducing
the strength of the device.

Using a similar approach as the previous design, the next device analyzed utilized an
integrated alloy steel circular reinforcement mounted within the material 1 plastic
baseplate, see design 5 in Fig. 19 above. The inclusion of the circular alloy steel
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reinforcement increased both the mass and variation in the deflection around the crushing
area compared to design 4. However, by removing the sharp corners from the design the
stress concentrations were removed, and the device’s strength was increased.

All of the previous modifications included alloy steel reinforcements to the design. By
adding metal reinforcements the complexity of the manufacturing process is increased,
leading to increased cost. Therefore, the final two designs both utilized material 1
exclusively, allowing them to be entirely injection molded. The first of these two designs
utilized two reinforcement rods attached to the bottom of the baseplate, see design 6 in
Fig. 19 above. This new all plastic design decreased the baseplate weight to essentially
that of the unmodified design. The variation in baseplate deflection decreased compared
to the unmodified design, but was considerably higher than the deflections of the designs
with alloy steel reinforcements. However, the manufacturing advantage of having the
entire device made from material 1 make this an advantageous design. Due to the sharp
corners on the reinforcement rods there were natural stress concentrations in the design,
creating weaknesses in the baseplate.

The final design utilized a circular reinforcement ring attached to the bottom of the
baseplate, see design 7 in Fig. 19 above. As with the previous design, material 1 was
used exclusively in this design. The addition of the ring reinforcement increased the
mass slightly compared to design 6, but the variation in baseplate deflection was
decreased. Furthermore, design 7 had no major stress concentrations in the reinforcement
geometry, which improved the overall strength of the design. Finally, as with design 6,
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this design is very advantageous because it utilizes all injection moldable materials to
maximize the ease of manufacturing.

After comparison and analysis of the eight designs discussed above, along with other
designs not presented, it was concluded that the best design was the device with the
reinforcement ring added that was composed entirely of material 1 (see design 7 in Fig.
19 above). This design was chosen because it provides excellent deflection performance,
minimized stress concentrations, all while maintaining conservative material usage.
Additionally, the entire design can be injection molded, thus maintaining a very simple
manufacturing process.

6.4 - Failure Analysis on Entire Device
In order to determine whether the device will withstand the prescribed loading, a failure
analysis of the entire device was conducted. Since the excessive deflection failure mode
has already been analyzed, the only criterion left to check was the factor of safety on all
portions of the device under fully loaded conditions. Since the device is single use,
excessive factors of safety are not required. The factor of safety was calculated using the
maximum von Mises stresses.

Based upon the deflection analysis, an optimized reinforced design was determined for
the device. For the sake of brevity, the failure analysis of this design is the only one
presented, although the analysis has been conducted for the other designs.
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Figure 21 - Failure analysis of deflection optimized reinforced device designed
exclusively with material 1
As verified by the factor of safety displayed in Fig. 21, above, the device is not expected
to fail under the prescribed loading conditions. Despite the minimum factor of safety
being just slightly above one for the device, it can be concluded that the device likely will
not fail. This can be concluded because there is an intrinsic factor of safety built into the
loading applied, the device is single use and therefore wear or material degradation
(which could lead to decreased material performance) are not concerns, and the
minimum factor of safety value is only for an extremely small section of the device.

It can be concluded that based upon the successful deflection analysis results, combined
with the passing results from the factor of safety failure analysis, the design will meet all
requirements under the specified loading criteria.
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Chapter 7 - Optimization
7.1 - Overview of Optimization
Since the device will be injection molded, material cost will contribute the vast majority
of the overall device cost. Therefore, optimization of the device in order to minimize any
excess material is crucial for maximizing cost efficiency of the device. Each part of the
device was optimized in order to minimize material use, while maintaining functionality
and performance. The optimization was done using finite element analysis and
SolidWorks design optimization tools.

7.2 - Optimization of Knurled Nut
With the goal of minimizing material, while maintaining performance, the knurled nut
was optimized. To simulate the loading that the nut will be subjected to during use, the
threads were constrained and a torque was applied to the outer edge of the nut. A torque
of 135.58 N-m was used for the load, since, as explained above, this is the maximum
average force that a person can exert on a turning nut. In order to further quantify the
expected loading on the nut, a force equal to 133.45 N was applied normal to the nut’s
outer surface, in order to simulate the crushing force that can be generated by a hand
applying an uneven torque to the nut. To remain conservative, a minimum factor of
safety of 3 was used during the optimization, as well as the combined deflection of the
nut was limited to 0.051 mm. Although very stringent, these minimum requirements
ensure that even when fully optimized, the device will maintain excellent performance.
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In order to determine the design with the minimum material usage, the nut dimensions
were varied while performance was measured. To ensure that the nut dimensions were
not varied to the point where the nut became uncomfortable or inconvenient to handle,
the overall height of the nut was constrained to its original dimension of 12.7 mm. The
optimization concluded that the ideal outer shell thickness was 1.27 mm, an inner shell
thickness of 2.54 mm, and a center thickness of 5.08 mm. Due to the optimization, the
mass of the nut was able to be reduced by 40%, which will cause a cost reduction of
nearly the same magnitude for mass production of the part.

Figure 22 - Cross sectional view of optimized nut

7.3 - Optimization of Bell
For the bell’s optimization, a 2,580 N force was distributed equally across all of the
threads, and a separate 2,580 N force was applied to a small ring around the base of the
bell. The force at the base of the bell simulates the load applied by the baseplate during
compression. The bell was fixed at its top, in order to make the analysis static.
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The optimization results indicated that the ideal thickness for the top of the bell was 2.54
mm and the ideal thickness of the bottom of the bell was 0.508 mm. With the optimized
design, the part’s mass was decreased by 63% from the original design, while the von
Mises stress minimum factor of safety maintained a value over 2.5.

7.4 - Optimization of Base Structure
For the optimization of the base structure several dimensions were adjusted in order to
determine the design with the minimum mass. The dimensions adjusted include the
height of the support ring, thickness of the baseplate, post diameter, radius of post
curvature, thickness of top of structure, and several fillet radii. Additionally, the overall
shape of the baseplate was optimized in order to reduce any excess material. The
restrictions used during the optimization were, no variation in baseplate deflection in
excess of 0.127 mm and a factor of safety greater than 1.

The analysis concluded that for an optimized design the baseplate thickness should be
3.302 mm, the reinforcement ring thickness should be 4.064 mm, the post diameters
should be 9.398 mm, radius of post curvature should be 14.986 mm, and the top of the
structure should have a thickness of 10.160 mm. Additionally, it was determined that the
fillets at the base of each post should have a radius of 2.54 mm, fillet 1 (see Fig. 33
below) should have a radius of 0.508 mm, fillet 2 should have a radius of 0.254 mm, and
fillet 3 should have a radius of 1.27 mm. Fillet 1 and fillet 2 have different radii due to
the uneven stress distribution caused by the opening in the top ring on the baseplate.
With these new dimensions the mass of the base structure was minimized, while required
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performance standards were maintained. The optimization decreased the design’s weight
by 43% (from 0.054 kg to 0.032 kg). In addition to reducing mass, the optimization
improved the deflection performance of the device by reducing the deflection variation
along the crush surface by 37% (from 0.092 mm to 0.058 mm). Figure 23, below, is the
final base structure of the device.

Fillet 3
Fillet 2
Fillet 1
Figure 23 - Optimized base structure
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7.5 - Final Optimized Model
After a complete optimization, a new design has been created that successfully passes all
performance requirements while minimizing the material used. Figure 24, below,
displays the final optimized design of the device.

Through material saving design innovations, the optimized model’s weight has been
reduced by 46% from its original design (0.134 kg to 0.073 kg). This weight reduction is
significant because it correlates almost directly to a production cost decrease of the same
value for large scale injection molding manufacturing.

Figure 24 - Final optimized design
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Chapter 8 - Conclusion
Based upon the defined functional objectives required for a successful surgical
circumcision, a device has been designed. Through finite element analysis the robustness
of this design has been quantified, and the design has demonstrated its ability to pass all
performance requirements under the defined loading. In order to reduce excess material
in the design, a full optimization of each component of the design was conducted. The
optimization required that all performance requirements were satisfied, while
simultaneously ensuring the minimization of material usage. Through the optimization,
the overall design weight was reduced by 46%. The benefit of this dramatic weight
reduction is substantial because in a large scale injection molding manufacturing process,
the same process that will be utilized for the production of this device, material cost
comprises nearly all of the overall expense of the part. Therefore, it can be concluded
that the cost reduction due to the optimization is approximately 46%.

The next step in the development of this device is to manufacture a prototype using the
specified materials in order to validate the conclusions of this study, and confirm that the
device meets all performance requirements under actual loading conditions. Once the
design validation has concluded, the device will be ready for clinical trials, and then fullscale production. Once full-scale production of this device is reached, the societal
benefits will be immense. If fully utilized, this device has the potential to save tens of
thousands of lives, and positively impact millions of people [2].
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Appendix A – Open Source Hardware License
License
THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS
CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK
IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE
OF THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR
COPYRIGHT LAW IS PROHIBITED.
BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT
AND AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. TO THE
EXTENT THIS LICENSE MAY BE CONSIDERED TO BE A CONTRACT, THE
LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN
CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND
CONDITIONS.
1. Definitions
a. "Adaptation" means a work based upon the Work, or upon the Work and other
pre-existing works, such as a translation, adaptation, derivative work,
arrangement of music or other alterations of a literary or artistic work, or
phonogram or performance and includes cinematographic adaptations or any
other form in which the Work may be recast, transformed, or adapted including in
any form recognizably derived from the original, except that a work that
constitutes a Collection will not be considered an Adaptation for the purpose of
this License. For the avoidance of doubt, where the Work is a musical work,
performance or phonogram, the synchronization of the Work in timed-relation
with a moving image ("synching") will be considered an Adaptation for the
purpose of this License.
b. "Collection" means a collection of literary or artistic works, such as
encyclopedias and anthologies, or performances, phonograms or broadcasts, or
other works or subject matter other than works listed in Section 1(f) below,
which, by reason of the selection and arrangement of their contents, constitute
intellectual creations, in which the Work is included in its entirety in unmodified
form along with one or more other contributions, each constituting separate and
independent works in themselves, which together are assembled into a collective
whole. A work that constitutes a Collection will not be considered an Adaptation
(as defined below) for the purposes of this License.
c. "Creative Commons Compatible License" means a license that is listed at
http://creativecommons.org/compatiblelicenses that has been approved by
Creative Commons as being essentially equivalent to this License, including, at a
minimum, because that license: (i) contains terms that have the same purpose,
meaning and effect as the License Elements of this License; and, (ii) explicitly
permits the relicensing of adaptations of works made available under that license
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under this License or a Creative Commons jurisdiction license with the same
License Elements as this License.
d. "Distribute" means to make available to the public the original and copies of the
Work or Adaptation, as appropriate, through sale or other transfer of ownership.
e. "License Elements" means the following high-level license attributes as selected
by Licensor and indicated in the title of this License: Attribution, ShareAlike.
f. "Licensor" means the individual, individuals, entity or entities that offer(s) the
Work under the terms of this License.
g. "Original Author" means, in the case of a literary or artistic work, the
individual, individuals, entity or entities who created the Work or if no individual
or entity can be identified, the publisher; and in addition (i) in the case of a
performance the actors, singers, musicians, dancers, and other persons who act,
sing, deliver, declaim, play in, interpret or otherwise perform literary or artistic
works or expressions of folklore; (ii) in the case of a phonogram the producer
being the person or legal entity who first fixes the sounds of a performance or
other sounds; and, (iii) in the case of broadcasts, the organization that transmits
the broadcast.
h. "Work" means the literary and/or artistic work offered under the terms of this
License including without limitation any production in the literary, scientific and
artistic domain, whatever may be the mode or form of its expression including
digital form, such as a book, pamphlet and other writing; a lecture, address,
sermon or other work of the same nature; a dramatic or dramatico-musical work;
a choreographic work or entertainment in dumb show; a musical composition
with or without words; a cinematographic work to which are assimilated works
expressed by a process analogous to cinematography; a work of drawing,
painting, architecture, sculpture, engraving or lithography; a photographic work to
which are assimilated works expressed by a process analogous to photography; a
work of applied art; an illustration, map, plan, sketch or three-dimensional work
relative to geography, topography, architecture or science; a performance; a
broadcast; a phonogram; a compilation of data to the extent it is protected as a
copyrightable work; or a work performed by a variety or circus performer to the
extent it is not otherwise considered a literary or artistic work.
i. "You" means an individual or entity exercising rights under this License who has
not previously violated the terms of this License with respect to the Work, or who
has received express permission from the Licensor to exercise rights under this
License despite a previous violation.
j. "Publicly Perform" means to perform public recitations of the Work and to
communicate to the public those public recitations, by any means or process,
including by wire or wireless means or public digital performances; to make
available to the public Works in such a way that members of the public may
access these Works from a place and at a place individually chosen by them; to
perform the Work to the public by any means or process and the communication
to the public of the performances of the Work, including by public digital
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performance; to broadcast and rebroadcast the Work by any means including
signs, sounds or images.
k. "Reproduce" means to make copies of the Work by any means including without
limitation by sound or visual recordings and the right of fixation and reproducing
fixations of the Work, including storage of a protected performance or phonogram
in digital form or other electronic medium.
2. Fair Dealing Rights. Nothing in this License is intended to reduce, limit, or restrict
any uses free from copyright or rights arising from limitations or exceptions that are
provided for in connection with the copyright protection under copyright law or other
applicable laws.
3. License Grant. Subject to the terms and conditions of this License, Licensor hereby
grants You a worldwide, royalty-free, non-exclusive, perpetual (for the duration of the
applicable copyright) license to exercise the rights in the Work as stated below:
a. to Reproduce the Work, to incorporate the Work into one or more Collections,
and to Reproduce the Work as incorporated in the Collections;
b. to create and Reproduce Adaptations provided that any such Adaptation,
including any translation in any medium, takes reasonable steps to clearly label,
demarcate or otherwise identify that changes were made to the original Work. For
example, a translation could be marked "The original work was translated from
English to Spanish," or a modification could indicate "The original work has been
modified.";
c. to Distribute and Publicly Perform the Work including as incorporated in
Collections; and,
d. to Distribute and Publicly Perform Adaptations.
e. For the avoidance of doubt:
i.
Non-waivable Compulsory License Schemes. In those jurisdictions in
which the right to collect royalties through any statutory or compulsory
licensing scheme cannot be waived, the Licensor reserves the exclusive
right to collect such royalties for any exercise by You of the rights granted
under this License;
ii.

Waivable Compulsory License Schemes. In those jurisdictions in which
the right to collect royalties through any statutory or compulsory licensing
scheme can be waived, the Licensor waives the exclusive right to collect
such royalties for any exercise by You of the rights granted under this
License; and,

iii.

Voluntary License Schemes. The Licensor waives the right to collect
royalties, whether individually or, in the event that the Licensor is a
member of a collecting society that administers voluntary licensing
schemes, via that society, from any exercise by You of the rights granted
under this License.
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The above rights may be exercised in all media and formats whether now known or
hereafter devised. The above rights include the right to make such modifications as are
technically necessary to exercise the rights in other media and formats. Subject to Section
8(f), all rights not expressly granted by Licensor are hereby reserved.
4. Restrictions. The license granted in Section 3 above is expressly made subject to and
limited by the following restrictions:
a. You may Distribute or Publicly Perform the Work only under the terms of this
License. You must include a copy of, or the Uniform Resource Identifier (URI)
for, this License with every copy of the Work You Distribute or Publicly Perform.
You may not offer or impose any terms on the Work that restrict the terms of this
License or the ability of the recipient of the Work to exercise the rights granted to
that recipient under the terms of the License. You may not sublicense the Work.
You must keep intact all notices that refer to this License and to the disclaimer of
warranties with every copy of the Work You Distribute or Publicly Perform.
When You Distribute or Publicly Perform the Work, You may not impose any
effective technological measures on the Work that restrict the ability of a recipient
of the Work from You to exercise the rights granted to that recipient under the
terms of the License. This Section 4(a) applies to the Work as incorporated in a
Collection, but this does not require the Collection apart from the Work itself to
be made subject to the terms of this License. If You create a Collection, upon
notice from any Licensor You must, to the extent practicable, remove from the
Collection any credit as required by Section 4(c), as requested. If You create an
Adaptation, upon notice from any Licensor You must, to the extent practicable,
remove from the Adaptation any credit as required by Section 4(c), as requested.
b. You may Distribute or Publicly Perform an Adaptation only under the terms of:
(i) this License; (ii) a later version of this License with the same License Elements
as this License; (iii) a Creative Commons jurisdiction license (either this or a later
license version) that contains the same License Elements as this License (e.g.,
Attribution-ShareAlike 3.0 US)); (iv) a Creative Commons Compatible License.
If you license the Adaptation under one of the licenses mentioned in (iv), you
must comply with the terms of that license. If you license the Adaptation under
the terms of any of the licenses mentioned in (i), (ii) or (iii) (the "Applicable
License"), you must comply with the terms of the Applicable License generally
and the following provisions: (I) You must include a copy of, or the URI for, the
Applicable License with every copy of each Adaptation You Distribute or
Publicly Perform; (II) You may not offer or impose any terms on the Adaptation
that restrict the terms of the Applicable License or the ability of the recipient of
the Adaptation to exercise the rights granted to that recipient under the terms of
the Applicable License; (III) You must keep intact all notices that refer to the
Applicable License and to the disclaimer of warranties with every copy of the
Work as included in the Adaptation You Distribute or Publicly Perform; (IV)
when You Distribute or Publicly Perform the Adaptation, You may not impose
any effective technological measures on the Adaptation that restrict the ability of
a recipient of the Adaptation from You to exercise the rights granted to that
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recipient under the terms of the Applicable License. This Section 4(b) applies to
the Adaptation as incorporated in a Collection, but this does not require the
Collection apart from the Adaptation itself to be made subject to the terms of the
Applicable License.
c. If You Distribute, or Publicly Perform the Work or any Adaptations or
Collections, You must, unless a request has been made pursuant to Section 4(a),
keep intact all copyright notices for the Work and provide, reasonable to the
medium or means You are utilizing: (i) the name of the Original Author (or
pseudonym, if applicable) if supplied, and/or if the Original Author and/or
Licensor designate another party or parties (e.g., a sponsor institute, publishing
entity, journal) for attribution ("Attribution Parties") in Licensor's copyright
notice, terms of service or by other reasonable means, the name of such party or
parties; (ii) the title of the Work if supplied; (iii) to the extent reasonably
practicable, the URI, if any, that Licensor specifies to be associated with the
Work, unless such URI does not refer to the copyright notice or licensing
information for the Work; and (iv) , consistent with Ssection 3(b), in the case of
an Adaptation, a credit identifying the use of the Work in the Adaptation (e.g.,
"French translation of the Work by Original Author," or "Screenplay based on
original Work by Original Author"). The credit required by this Section 4(c) may
be implemented in any reasonable manner; provided, however, that in the case of
a Adaptation or Collection, at a minimum such credit will appear, if a credit for
all contributing authors of the Adaptation or Collection appears, then as part of
these credits and in a manner at least as prominent as the credits for the other
contributing authors. For the avoidance of doubt, You may only use the credit
required by this Section for the purpose of attribution in the manner set out above
and, by exercising Your rights under this License, You may not implicitly or
explicitly assert or imply any connection with, sponsorship or endorsement by the
Original Author, Licensor and/or Attribution Parties, as appropriate, of You or
Your use of the Work, without the separate, express prior written permission of
the Original Author, Licensor and/or Attribution Parties.
d. Except as otherwise agreed in writing by the Licensor or as may be otherwise
permitted by applicable law, if You Reproduce, Distribute or Publicly Perform the
Work either by itself or as part of any Adaptations or Collections, You must not
distort, mutilate, modify or take other derogatory action in relation to the Work
which would be prejudicial to the Original Author's honor or reputation. Licensor
agrees that in those jurisdictions (e.g. Japan), in which any exercise of the right
granted in Section 3(b) of this License (the right to make Adaptations) would be
deemed to be a distortion, mutilation, modification or other derogatory action
prejudicial to the Original Author's honor and reputation, the Licensor will waive
or not assert, as appropriate, this Section, to the fullest extent permitted by the
applicable national law, to enable You to reasonably exercise Your right under
Section 3(b) of this License (right to make Adaptations) but not otherwise.
5. Representations, Warranties and Disclaimer
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UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING,
LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS,
IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION,
WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR
PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER
DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS,
WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW
THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT
APPLY TO YOU.
6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY
APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON
ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL,
PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR
THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
7. Termination
a. This License and the rights granted hereunder will terminate automatically upon
any breach by You of the terms of this License. Individuals or entities who have
received Adaptations or Collections from You under this License, however, will
not have their licenses terminated provided such individuals or entities remain in
full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any
termination of this License.
b. Subject to the above terms and conditions, the license granted here is perpetual
(for the duration of the applicable copyright in the Work). Notwithstanding the
above, Licensor reserves the right to release the Work under different license
terms or to stop distributing the Work at any time; provided, however that any
such election will not serve to withdraw this License (or any other license that has
been, or is required to be, granted under the terms of this License), and this
License will continue in full force and effect unless terminated as stated above.
8. Miscellaneous
a. Each time You Distribute or Publicly Perform the Work or a Collection, the
Licensor offers to the recipient a license to the Work on the same terms and
conditions as the license granted to You under this License.
b. Each time You Distribute or Publicly Perform an Adaptation, Licensor offers to
the recipient a license to the original Work on the same terms and conditions as
the license granted to You under this License.
c. If any provision of this License is invalid or unenforceable under applicable law,
it shall not affect the validity or enforceability of the remainder of the terms of
this License, and without further action by the parties to this agreement, such
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provision shall be reformed to the minimum extent necessary to make such
provision valid and enforceable.
d. No term or provision of this License shall be deemed waived and no breach
consented to unless such waiver or consent shall be in writing and signed by the
party to be charged with such waiver or consent.
e. This License constitutes the entire agreement between the parties with respect to
the Work licensed here. There are no understandings, agreements or
representations with respect to the Work not specified here. Licensor shall not be
bound by any additional provisions that may appear in any communication from
You. This License may not be modified without the mutual written agreement of
the Licensor and You.
f. The rights granted under, and the subject matter referenced, in this License were
drafted utilizing the terminology of the Berne Convention for the Protection of
Literary and Artistic Works (as amended on September 28, 1979), the Rome
Convention of 1961, the WIPO Copyright Treaty of 1996, the WIPO
Performances and Phonograms Treaty of 1996 and the Universal Copyright
Convention (as revised on July 24, 1971). These rights and subject matter take
effect in the relevant jurisdiction in which the License terms are sought to be
enforced according to the corresponding provisions of the implementation of
those treaty provisions in the applicable national law. If the standard suite of
rights granted under applicable copyright law includes additional rights not
granted under this License, such additional rights are deemed to be included in the
License; this License is not intended to restrict the license of any rights under
applicable law.
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